Development of neocortical circuitry: quantitative ultrastructural analysis of putative monoaminergic synapses.
The distribution, numbers and morphology of presumed monoaminergic (MA) synapses were examined in somatosensory cortex of neonatal rats and mice (newborn to 16 days of age). MA synapses were identified using an ultrastructural cytochemical marker, 5-hydroxydopamine (5-OHDA), which results in the appearance of small granular vesicles (SGV) in their presynaptic terminals. From birth to 7 days of age, 20--30% of all synapses sampled in somatosensory cortex contain SGVs. However, few SGV synapses are seen in 8-day-old cortex and by 12 days of age, SGVs are no longer detectable in cortex. A specific laminar distribution for these SGV synapses -- which is distinct from the overall synaptic distribution -- is first seen at 3 days of age and is essentially unchanged until 7 days postnatally. During this entire period, the SGV synapses predominate in the primordium of layer IV, where they account for 50--70% of all synapses. Morphometric analysis of SGV synapses indicates that there are differences in junctional symmetry, vesicle shape and configuration of the contact zone between SGV and non-SGV synapses, as well as between SGV synapses themselves in the various cortical layers. The laminar distribution and morphological characteristics of SGV synapses suggest that the MA projection to neocortex exhibits a high degree of spatial specificity during its ingrowth. Also, the relatively high proportion of SGV synapses in the first postnatal week may reflect a potent influence exerted by the MA inputs on immature neocortex. The decreased numerical density of SGV synapses after 7 days of age is probably due to the development of the blood-brain barrier to 5-OHDA.